Purpose -To determine the degree of use of some of the most representative lean production (LP) practices in the Spanish ceramic tile industry, their relationship with plant size and their effect on the operational performance of the companies in the sector. Design/methodology/approach -A questionnaire was developed for data collection. Findings are presented from 76 companies (79.17 per cent of the total sample) that specialise in single firing ceramics. Findings -In the sector under study, there is one set of practices that have as yet scarcely been implemented (group technology, kanban, reduction of set-up time, development of multi-function employees and visual factory) and another set whose use is fairly widespread (standardisation of operations, total productive maintenance and quality controls). The degree of their respective use depends on a firm's size. Very few correlations appear between the degree of use of any specific LP practice in isolation and the operational indicators. Research limitations/implications -For certain variables we found very little variation between the firms in our sample. Moreover, many firms did not have available the data needed for calculating capacity utilisation, and hence we have not been able to check its effects in our analysis. Practical implications -The paper presents data for reflecting on the application of different LP practices in isolation and on the impediments limiting the use of some of them in the sector. Originality/value -The paper extends the work of other researchers by focusing on a sector and a country that have been very little studied until now. The sample consists of a set of firms that are fairly homogeneous; this facilitates analysing the relationships between the selected variables while keeping other variables controlled.
Introduction
Since, the 1980s, numerous businesses in various sectors of industry have continually been introducing programmes intended to improve both productivity and quality (Cua et al., 2001; White and Prybutok, 2001) . Several authors have posited lean production (LP) as the best possible production system and one that can be implemented in any company. This idea is supported both by those who first devised the system, at least in its American version (Womack et al., 1990; Womack and Jones, 1996) , and by their supporters, e.g. Krafcik (1988) , Lee (1997) , MacDuffie (1995) and Sohal and Egglestone (1994) . Moreover, the foreword to the Spanish edition of Womack et al. (1990) claims for LP, that:
. . . although we have taken the automobile industry as an example . . . , it may be applied to all industries in Spain. . . Spain, with a relatively young workforce and many new plants, sets out with an advantage compared to the rest of Europe (the underline is ours).
It seems these ideas have had a certain degree of acceptance in our country, although with slight differences. Martínez shows that LP is not in fact an unknown phenomenon in Spain, at least in the automobile and machine manufacturing industries. Nevertheless, the paper confirms that most of the LP indicators appear more in large companies than in small-and medium-sized enterprises (SME). Other authors too have emphasised the need to study the implications of LP for SMEs (Karlsson and Ahlström, 1997; Lee, 1997; White et al., 1999) .
On the other hand, not all opinions are favourable to LP. For one thing LP is not so efficient as was once thought (Williams et al., 1992) , nor is it the only alternative (Cooney, 2002) . Furthermore, the benefits of using individual practices in isolation are not clear (Fullerton and McWatters, 2001; Sakakibara et al., 1997; White and Prybutok, 2001) . Consequently, there is a need, as seen by Shah and Ward (2003) , to broaden empirical research in the direction of determining the performance implications of implementing LP practices and analysing data from a set of firms that are all in the same sector.
It is typical of the environment in which most industrial enterprises operate today that there is ever-increasing competition, faster change and fluctuating demand. Most markets are mature and customers demand quality products adapted to their specific needs. One such need is faster and more frequent deliveries (Marín and Delgado, 2000; Suzaki, 2000) . This of course affects firms that manufacture ceramic floorings and coverings, especially those in the leading producer countries (Andrés Romano, 2001; Dalmau Porta et al., 1993; Rowley, 1996) . Until a few years ago, the main variables in the ceramic tile production processes were energy costs, manpower costs and access to raw material that left little residue (Ybarra et al., 1996) . Since, the early 1990s, however, the traditional production problems have been made more complex, which forces a rethink of operations management strategies in the sector (Andrés Romano, 2001) . One possibility may be for firms in the industry to turn to LP. For this they can take advantage of a set of clearly defined practices for improving the efficiency of their production systems. Consequently, one would expect some degree of implementation of LP techniques in any sector that is subject to intense competition.
These are the ideas that motivated this research project, to assess the extent to which the ceramic tile industry in Spain uses LP practices. In addition, we hoped to show the effect that applying the most relevant LP practices has on operational performance.
LP concept and practices
Various terms have been used to denote the set of tools designed to increase business competitiveness by systematically eliminating waste of all kinds (Callen et al., 2000) . IJOPM 26, 5 Among them are "just in time" (JIT), "total quality management" (TQM), "world class manufacturing" and "lean production" (Prado Prado, 2002; White and Prybutok, 2001) .
"Waste" can be defined as anything beyond the strict minimum needed by way of equipment, materials, components, space or worker time in order to give added value to the goods produced (Marín and Delgado, 2000; Suzaki, 2000) . To eliminate it, companies must be more aware of the importance of process continuous improvement, manufacturing times and batch sizes. These actions are basic to the set of techniques that we call "lean production". The complete model of "lean enterprise" includes not only LP (aka "lean manufacturing") but also the activities of "lean product development", "lean procurement" and "lean distribution" (Jackson and Dyer, 1998; Karlsson and Ahlström, 1996; ). However, our research interest focuses on the activities that take place in the manufacturing function, and this will lead us to analyse and describe only these aspects concerning LP. We are nevertheless aware of the difficulties the limitation poses, since the boundaries between the different aspects mentioned are fuzzy (Flynn and Sakakibara, 1995; Williams et al., 1995) .
Concentrating then on LP, we find enough agreement for us to identify three "bundles" of associated practices: namely JIT, TQM and "total productive maintenance" (TPM) (Cua et al., 2001; Katayama and Bennett, 1996; Sakakibara et al., 1997) . Most authors also include a fourth important bundle, which is "human resource management" (HRM) or "workforce management" (Flynn and Sakakibara, 1995; Forza, 1996; Lowe et al., 1997; MacDuffie, 1995; Shah and Ward, 2003; Smith et al., 2003) . However, Sakakibara et al. (1997) are of the opinion that HRM activities are common practices; along with other infrastructure practices like TQM, manufacturing strategy or organisational characteristics that facilitate or limit the implementation of JIT and TPM bundles. Cua et al. (2001) leans the same way, although this author classes TQM too as one of the core bundles. There are also authors such as Fullerton and McWatters (2001) who do not consider HRM activities as practices but rather as outputs after JIT has been implemented.
Just as with the boundaries between the components of lean enterprise, there is no unanimous classification of the tools that make up each of the bundles: TQM, JIT, TPM or HRM (Flynn and Sakakibara, 1995) . The associated LP practices may vary in number from 10 to nearly 30 according to which author is consulted. In Table I , we have summarised the most usual ones.
Among the control variables that determine the degree to which these practices are used, the ones most often mentioned are plant size (Cua et al., 2001; Fullerton and McWatters, 2001; Inman and Mehra, 1990; Lee, 1997; Schonberger, 1996; Shah and Ward, 2003; White et al., 1999) and type of production process (repetitive/not repetitive) (Cua et al., 2001; De Toni and Tonchia, 1996; Fullerton and McWatters, 2001; White et al., 1999) . We will comment in more depth on the effect of plant size in the next section. The aspects related to type of production process will be commented on briefly in various sections of this paper where we describe the ceramic tile industry and expound our hypotheses.
LP and plant size Some authors call for more research into the LP implementations in small manufacturing firms (Karlsson and Ahlström, 1997; Lee, 1997 Forza (1996) , Fullerton and McWatters (2001) , Gupta and Brennan (1995) , Jackson and Dyer (1998) , James-Moore and Gibbons (1997), Karlsson and Ahlström (1996) , Katayama and Bennett (1996) , Lee (1996) , Marín and Delgado (2000) , ), Prado Prado (2002 , Shah and Ward (2003) , White et al. (1999) and Womack et al. (1990) HRM/TQM Group suggestions programmes (quality circles,.
. .) Cua et al. (2001 ), Forza (1996 , Fullerton and McWatters (2001) , Jackson and Dyer (1998) , Karlsson and Ahlström (1996) , Lee (1996) , Marín and Delgado (2000) , ), Prado Prado (2002 , Sakakibara et al. (1997) , Shah and Ward (2003) and White et al. (1999) HRM/TQM/TPM Visual factory/information and feedback to employees/industrial housekeeping Cua et al. (2001) , Jackson and Dyer (1998) , Karlsson and Ahlström (1996) and Prado Prado (2002) JIT Group technology/cellular manufacturing/functional equipment layout Cua et al. (2001 ), Forza (1996 , Fullerton and McWatters (2001) , Gupta and Brennan (1995) , Jackson and Dyer (1998) , Lee (1996) , Marín and Delgado (2000) , , Prado Prado (2002), Sakakibara et al. (1997) , Shah and Ward (2003) and White et al. (1999) JIT Reduction of set-up time Cua et al. (2001) , Flynn and Sakakibara (1995) , Forza (1996) , Fullerton and McWatters (2001) , Gupta and Brennan (1995) , Jackson and Dyer (1998) , James-Moore and Gibbons (1997), Karlsson and Ahlström (1996) , Lee (1996) , Marín and Delgado (2000) , , Prado Prado (2002), Sakakibara et al. (1997) , Shah and Ward (2003) , White et al. (1999) and Womack et al. (1990) JIT Level production/uniform workload Flynn and Sakakibara (1995) , Fullerton and McWatters (2001) , Gupta and Brennan (1995) , Jackson and Dyer (1998) , James-Moore and Gibbons (1997), Lee (1996) , Marín and Delgado (2000) , , Prado Prado (2002), Sakakibara et al. (1997) , White et al. (1999) and Womack et al. (1990) (continued) Flynn and Sakakibara (1995) , Fullerton and McWatters (2001) , Gupta and Brennan (1995) , Jackson and Dyer (1998) , Karlsson and Ahlström (1996) , Lee (1996) , Marín and Delgado (2000) , ), Prado Prado (2002 , Sakakibara et al. (1997) , Shah and Ward (2003) and White et al. (1999) TPM Total productive maintenance Cua et al. (2001 ), Forza (1996 , Fullerton and McWatters (2001) , Gupta and Brennan (1995) , Jackson and Dyer (1998) , James-Moore and Gibbons (1997), Lee (1996) , Marín and Delgado (2000) , , Sakakibara et al. (1997) , Shah and Ward (2003) , White et al. (1999) and White and Prybutok (2001) TQM Quality controls/statistical quality control methods (SPC) Flynn and Sakakibara (1995) , Forza (1996) , Fullerton and McWatters (2001) , James-Moore and Gibbons (1997), Karlsson and Ahlström (1996) , Lee (1996) , Marín and Delgado (2000) , ), Prado Prado (2002 , Shah and Ward (2003) and White et al. (1999) TQM/JIT Standardisation of operations/documentation of production procedures Appelbaum and Batt (1994) , Forza (1996) , Jackson and Dyer (1998), Niepce and Molleman (1996) and Prado Prado (2002) An empirical study of lean production majority of firms are in fact small, not only in Spain but also in other countries (Lee, 1997; White et al., 1999) . In addition, it seems obvious that there are some important differences between large and small enterprises with regard to factors that relate closely to the degree of LP implementation (Lee, 1997) .
Researchers frequently define manufacturers' size by the number of employees or by sales volume, but when size is defined by number of employees (which is how we do it), there is no standard classification criterion. To take an example, some authors consider a business to be small if it has , 500 employees (Inman and Mehra, 1990; Schonberger, 1996) , whereas Lee (1997) prefers 300 as the deciding number, and yet other authors fix the limit at 250 (Martínez Shah and Ward, 2003; White et al., 1999) . In some investigations, for instance, that of Martínez Pérez Pérez (2001, p. 1440) , "small firms with less than 50 employees were excluded from the study because these companies are less likely to adopt LP practices".
Some researchers have found significant differences between large and small manufacturers in their degree of LP implementation. Thus, White et al. (1999) found that the degree to which quality circles, quality controls, TPM, set-up time reduction and kanban were implemented was higher in large businesses, whereas the multi-function employee concept was more firmly implanted in small ones. No significant differences were found with regard to group technology and uniform workload. Shah and Ward (2003) also observed that large plants are more likely to implement all but two practices (multi-function employees and TQM programmes) more extensively than small plants. Likewise Cooney (2002) states that the implementation of LP practices is less likely in small manufacturers. On the other hand though, some authors conclude that the degree of implementation of LP practices is unrelated to plant size (Finch and Cox, 1986; Inman and Mehra, 1990; Lee, 1997) .
There is little data available for calculating the percentage of small businesses that are implementing each of the LP practices, and that data is to some extent conflicting. One reason for the divergence is that the samples used in the different studies do not correspond to the same population. According to White et al. (1999) , the most used practices in small American manufacturing firms are multi-function employees (87 per cent), group technology (87 per cent), set-up time reduction (83 per cent) and quality controls (82 per cent). The least extensive are TPM (52 per cent), uniform workload (52 per cent), kanban (53 per cent) and quality circles (56 per cent). Inman and Mehra (1990) report similar data. Nevertheless, Lee (1997) paints a somewhat different picture in his study of small Korean firms. In his sample, the most commonly used instruments are quality controls (79 per cent) and set-up time reduction (68 per cent), whereas kanban (10 per cent) and group technology (36 per cent) are the least used.
In any case it is hard for small businesses to implement the whole set of practices as a system (Fullerton and McWatters, 2001; Gupta and Brennan, 1995; Lee, 1997) . Rather they concentrate on a small subset, and without commitment to enlarging them in the future (Gupta and Brennan, 1995) . For small firms it is better to select the tools they can afford and introduce them sequentially, starting with the easiest and least costly.
LP and performance
Firstly, we will consider studies that approach LP as a set of practices installed as a system. Quite a few authors claim that the benefits from introducing LP are much greater if advantage is taken of the synergies between the different LP practices (Cua IJOPM 26,5 et al., 2001; Fullerton and McWatters, 2001; Shah and Ward, 2003; White and Prybutok, 2001) . Among the benefits most often mentioned are stock reduction, quality improvement, greater productivity and shorter lead time (Table II) .
However, Fullerton and McWatters (2001) cite several cases where productivity, lead time or quality did not improve after LP was adopted. This is not surprising. As we said earlier, LP is a collection of related techniques and the different investigations have not all been dealing with the same ones. Bear in mind too that other researchers have observed how a piecemeal implementation approach often fails to improve operational performance indicators and that implementation of a single tool in isolation may even have a negative impact on them (Fullerton and McWatters, 2001) . One possible explanation is that certain practices may indeed optimise a particular area of operations, but the local improvement does not necessary translate into an improvement at the overall level (White and Prybutok, 2001) .
Secondly, we propose to analyse what happens when firms implement a set of techniques associated with a particular bundle (JIT, TQM, TPM or HRM). Our reason for doing so is that very few firms, especially small ones, try to introduce all the practices at the same time; they usually make it a step-by-step process (Cooney, 2002; . The conclusions in the various earlier studies are contradictory. For Sakakibara et al. (1997) the operational performance variations (inventory, on-time delivery and lead time) can be explained by implementation of practices associated with the TQM and HRM bundles, while the effects of TPM and JIT practices are not significant. Cua et al. (2001) believe that the effects of all four bundles are significant for explaining variations in quality and on-time delivery, although the use of HRM and TQM practices contributes more to performance than the other two. Flynn and Sakakibara (1995) conclude that the only significant explanation for the variation in quality performance is the implementation of HRM and customer relations practices, while TQM and JIT are not significant. Jackson and Dyer (1998) put forward et al. (1999) On-time delivery Cua et al. (2001) , Lee (1997) and Sakakibara et al. (1997) 
Smaller batches
Lee (1997) Delivery time Flynn and Sakakibara (1995) and Fullerton and McWatters (2001) An empirical study of lean production the opinion that HRM, TQM and TPM improve quality and lead time, whereas JIT improves lead time and reduces inventories. Lastly, Shah and Ward (2003) hold that all four bundles help to provide a significant explanation for the variation in operational performance (manufacturing cycle time, labour productivity, first pass yield, and customer lead time). Thirdly, we have found very little research analysing the effect that a particular LP practice has on operational performance. Sakakibara et al. (1997) state that no isolated JIT practice except set-up time reduction is significant in explaining operational performance variations. Similarly, Cua et al. (2001) considers that no JIT practice in isolation can provide a statistically significant explanation of improvements in quality or on-time delivery; however, employee involvement, multi-function employees and TPM do have significant impact. For White and Prybutok (2001) , in repetitive production systems the use of quality controls correlates with improvements in quality, productivity and stock levels; multi-function employees correlates with improvements in lead time, quality and productivity; and kanban correlates with improvements in lead time and quality.
Finally, when analysing the effect of LP practices on operational performance, different researchers (Cooney, 2002; De Toni and Tonchia, 1996; Fullerton et al., 2003; Inman and Mehra, 1990; Krafcik, 1988; Lowe et al., 1997; Williams et al., 1992 Williams et al., , 1995 recommend using a series of different control variables, among which we would emphasise plant size, industry, product characteristics (manufacturability), vertical integration, capacity utilisation, model mix, automation level and market requirements. Yet in spite of the sector's importance both nationally and globally, very few studies have focused on analysing its importance for the world economy. We have found no especially relevant scientific publications on the topic from the viewpoint either of LP or the management of productive processes. The only paper which bears some relationship to our research is that of Rowley (1996) . Rowley showed that the British and Italian ceramic tile industries are characterised by mass production. However, we have come across no data for Spain, nor can we be sure whether what Rowley concluded in 1996 is still valid.
The ceramic tile industry in Spain
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There are several motivations for the firms in this sector to introduce methods that give more flexibility to their production processes. The industry is exceptionally dynamic (Rowley, 1996) . The demand is changing, and international competition is continually increasing due to globalisation (Porter, 1990) . Moreover, in both Spain and Italy the manufacturers are concentrated in very specific geographical areas and so news about product and process innovations spreads quickly. Consequently, firms are under strong pressure to improve all the time if they want to have an advantage over their competitors (Porter, 1990) . For that reason, Spanish firms are trying to consolidate in ever more profitable but demanding market segments so as to have a price advantage over the competition (Gil et al., 1999; Tomás Carpi et al., 1996) . All this has led to a highly varied and constantly changing range of products, where design and quality play an essential role. Product life cycle is shortening and has dropped from ten to three or four years. Moreover, the number of formats and models is being expanded in an attempt to customise the goods on offer, while at the same time producers seek to reduce delivery times. Everything seems to indicate that this tendency is bound to increase in the future.
Research objectives and hypothesis
One would expect to find that firms in the tile industry have implemented LP tools to some extent. There are various reasons for supposing this. For one thing the sector is under pressure to improve continually, not only because of international competition but also because of internal competition within the geographical cluster. It is just such a situation that tends to promote the adoption of LP practices (MacDuffie and Frits, 1997), and thus LP practices are found in plants in all industries (Billesbach, 1994; Shah and Ward, 2003) . The type of production process is not a bar to the use of the various LP practices, and in any case repetitive processes like ceramic tile manufacturing provide a more favourable environment (White and Prybutok, 2001 ) than non-repetitive processes. In addition, several authors (Inman and Mehra, 1990; Lee, 1997; White et al., 1999) say that multi-function employees, set-up time reduction and quality controls are generally more common than other practices in small businesses.
On the other hand, certain restrictions in the production system under examination make it unlikely that all LP practices would be installed to the same degree. One is the high degree to which the production lines are automated (Porter, 1990) . Another is the constraints imposed by the firing process: the aim is to have the ovens functioning around the clock at maximum load, but model or format changes make it necessary to modify the parameters of the process, and the adjustments are difficult to foresee. Therefore, once the furnace adjustments have been made in such a way as to maintain product quality, the investment of effort has to be rendered viable by producing a certain minimum number of square metres of the same type. Actually, the batch size is very big -it amounts to at least the production of an entire shift. Added to this, the product itself has a very simple structure, so that there is no possibility of modular production. Hence, use of the LP practices most directly related to uniform workload (group technology, set-up time reduction and kanban) is unlikely in this sector.
This leads us to formulate the following hypotheses:
H1. The most used LP practices in this sector will be multi-function employees and quality controls, while the least used will be group technology, set-up time reduction and kanban.
An empirical study of lean production Moreover, as we commented above in the section on LP and plant size, we are of the view that LP practices can be most easily installed by very large firms (Fullerton and McWatters, 2001; Shah and Ward, 2003; White et al., 1999) . Consequently, H2 may be formulated as follows:
H2. Larger firms will have installed LP practices to a higher degree than smaller ones.
Numerous studies have concluded that applying LP tools benefits a business. However, the benefits are greater if all the tools are installed, because there is a synergetic effect between them (White and Prybutok, 2001 ). In either case, firms can improve their operational performance (Callen et al., 2000; Cua et al., 2001; White and Prybutok, 2001 ). The implementation of one of the tools in isolation can also cause various business management indicators to improve (Lee, 1996) , and so it is a strategy that can be recommended highly for SMEs (Lee, 1997; White et al., 1999) , which do not usually possess the resources needed for implementing the complete system (Inman and Mehra, 1990) . However, research that has focused on the operational performance effects of an isolated LP practice seems to indicate that these effects are only significant for a minority of the practices (Cua et al., 2001; Sakakibara et al., 1997) . Faced with this difference of opinion, we have decided to formulate H3 as follows:
Companies that adopt an LP practice to a greater extent obtain better results in terms of quality, productivity, lead time or stocks.
To test this hypothesis we need to take account of the control variables proposed by previous researchers and mentioned in earlier sections of this paper. There are clearly advantages in limiting the research to firms in a single sector (MacDuffie, 1995; Shah and Ward, 2003) . For one thing the homogeneity of the products and processes in the sector (Porter, 1990) makes it possible to hold a whole list of variables constant for the whole population (plant layout, process type, technology level, automation level, product complexity and manufacturability, manufacturing times and vertical integration). In addition, the concentration in a limited geographical area enables other control variables to be kept very similar for all the firms, e.g. worker training, collective bargaining, market requirements, salary structures and public investment. Under these conditions the only control variables we will need to analyse are plant size and capacity utilisation. At the same time ceramic tile production is one of the leading sectors in Spanish industry. This gives us research access to a sufficiently large population, one that includes leading world-class companies. Finally, the fact that this population is concentrated in a nearby area to where the researchers are located makes it feasible to collect data directly from the producers at an acceptable cost for the research budget.
Methodology
Questionnaire construction
We developed a data collection questionnaire based principally on the work of White et al. (1999) , Karlsson and Ahlstöm (1996) and Jackson and Dyer (1998) (see Appendix for a more detailed description). For the Spanish equivalents of terms we used Prado (2002) and Marín and Delgado (2000) . In order to make the necessary adaptations to the IJOPM 26,5 peculiarities of the ceramic tile industry, we worked with technicians from ASCER and used consultants with many years of experience in the sector.
Once the questionnaire described below was outlined, it was pilot tested (for understanding of concepts, length, and importance of concepts in the industry) with three heads of production in three different ceramic tile companies. After this step, some modifications were made before reaching the definitive version. Meanwhile, we met with executives of the Castellon Chamber of Commerce and ASCER, both prestigious institutions in the industry, to present our project to them. Later, in June 2001, we held working sessions with the production management committees of firms associated with ASCER. The purpose of the meetings was to acquaint participants with the research and seek their support for carrying out the interviews. Approximately, 20 managers from different ASCER associate firms attended each session.
LP practices measures
We made several decisions intended to shorten interview time and thereby encourage better participation from plant management.
Firstly, we measured most of the LP practices by a single question on the survey instrument, as do other researchers (Fullerton and McWatters, 2001; White et al., 1999) . We collected data for some of the variables during plant visits. That enabled us to nuance the variables and obtain more precision, for example, with quality controls. We included one variable specifying at the interview when the controls were applied, and another observing during the site visit whether statistical process control (SPC) was being applied in the lines. Another example is the splitting of visual factory into two variables: one for workplace housekeeping and another for shared graphic information.
Secondly, it became evident in the preliminary interviews that group technology, kanban and uniform workload would not show up in the sector. So instead of asking directly about group technology we decided to ask about cellular manufacturing layout as a proxy for it (White and Prybutok, 2001) . In any case the latter could be observed directly during the plant visits and it was not really necessary to ask about it during the interviews. The kanban variable too was measured solely by plant visit observation. The observation guidelines were based on Cua et al. (2001) (Appendix) . We left the uniform workload variable out of the research because it is not compatible with the attributes of this sector and is not directly observable during site visits. However, since it requires prior implementation of cellular manufacturing and set-up time reduction (Flynn and Sakakibara, 1995; Fullerton and McWatters, 2001; Suzaki, 1989 Suzaki, , 2000 , the presence of these two variables can be exploited in order to estimate the likelihood that a firm may be working towards the installation of uniform workload too.
The criterion for scoring most of the replies was the degree of deployment of each LP practice, using a scale of 0 -none to 5 -complete implementation (Jackson and Dyer, 1998) . Responses to the questions in the questionnaire show the opinion of the senior production manager whereas observations done by the researcher while visiting the factory are according to the guidelines described in the Appendix.
At a later stage we reclassified the manufacturers under each practice using a similar procedure to Fullerton and McWatters (2001) and Shah and Ward (2003) : 0 -non-adopters, 1-3 -low adopters, 4-5 -high adopters.
An empirical study of lean production
Performance measures
The selected performance variables (internal quality, productivity, total stock and lead time) correspond to the most cited benefits associated with LP implementation and were used in previous research (Lowe et al., 1997; Shah and Ward, 2003; White et al., 1999; Williams et al., 1992 Williams et al., , 1995 but the way of applying them was different in our questionnaire. Manufacturing performance was measured by objective (quantitative) variables in order to avoid perceptual bias (Flynn and Sakakibara, 1995; Fullerton and McWatters, 2001) . These values were reported by the manufacturing manager. Productivity was determined by combining the information from two questions: "Production in the month of June 2001 in square metres" divided by "Number of production and maintenance workers in the company". Internal quality was measured on the basis of the "percentage of prime quality products compared to the total manufactured". Lead time was defined as "average time between receiving an order in the production department and completing its manufacture". And lastly, stock levels were measured as the sum of the days of inventory of finished goods, raw materials and work in process.
A manufacturing plant was classified as a high performer on a particular performance measure if its value on the measure was above average and similarly classified as a low performer if it was below average (Cua et al., 2001; Lowe et al., 1997) . We also included a best-in-class plant classification that combined quality and productivity. We followed a procedure very similar to that proposed by Lowe et al. (1997) in their work, because it is relatively simple and very clear. A plant is best-in-class if it is simultaneously a high performer in both quality and productivity.
The interviewees were asked for data for June 2001. It should be emphasised that we were forced to this decision because we found in the initial interviews in the pilot phase that the number of manufacturing workers may vary considerably in the course of the year as a function of the amount of square metres to be produced. Moreover, the production data for the month of June was readily accessible and was recent in the minds of the interviewees, which made it a reliable basis for measurement. Furthermore, June is a normal month in production terms, comparable to any other month of the year except August, and perhaps September, when the shifts are changed due to holidays. The furnace operates normally and changes in the number of working shifts are rare.
For analysing the data we used non-parametric tests, since it is not necessary that they should conform to assumptions about the normal distribution of the variables.
Sample
At the time of our survey, ASCER had 208 member companies. Of these, we approached the ones that were located in the Valencian Autonomous Region (mainly in Castellon province) and were in the business of manufacturing single firing ceramic tiles (porous tiles, stoneware floor tiles and porcelain stoneware). Thus, the population was composed of 111 companies. Of these we eliminated the ones that belonged to the same business group and therefore maintained the same organisation structure and in some cases even the same manager (15 companies). This procedure reduced the sample of valid companies to 96. The final response rate was 79.17 per cent (76 visits completed).
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The data was compiled between July and September 2001. The questionnaire was administered during a personal interview of 30 minutes average duration. Immediately after the interview, a visit to the facilities was made to obtain some of the data by direct observation. These visits took an average of 40 minutes per plant. Two interviewers took part in the process; they were trained and supervised by the main researchers, who accompanied them to the first interviews (approximately 10 per cent of all the interviews) and instructed them in how to apply uniform criteria. In any case, if we subsequently had any doubts concerning data provided by a company, we contacted the head of production by telephone to clarify them. Participating plants received a detailed profile of their own results and a sample means profile for comparison.
In addition, we conducted interviews with four consultants who were specialists in implementing LP practices in the tile industry, and also with ASCER technicians. The purpose was to discuss the results of our research.
Results
Implementation of LP practices
The companies in the sample manufacture large batches of only a few different products: between 100 and 200 models per company, distributed in few size formats. These products are technically homogenous and require the same manufacturing facilities. All the products go through a similar sequence of operations (preparation, moulding, drying, glazing, firing and classification), although some may by-pass a step that is not necessary for that product. The machines are placed in line, one after the other. After a batch of an item is manufactured, the machines are adjusted and a batch of a different item is made. Set-up times are usually long. Investment in machinery and automation is very high and there are hardly any manual processes involved, with the exception of line preparation for item changeover, internal transport and quality controls inspection. This description is valid for all the plants visited, as there are hardly any differences between them. It is a situation that agrees completely with what has been described in other studies (Assopiastrelle, 1998; Dalmau Porta and De Miguel Fernández, 1991; Porter, 1990) . The workers are highly specialised and only perform the operations of their own section. Companies usually manufacture for stock, with the aim of achieving a high level of equipment use and reduction in unit costs. It is a manufacturing process situated midway between the categories of repetitive process (continuous flow manufacturing and assembly line process).
As we said earlier, all the firms examined have a very similar plant distribution and none can be typed as cellular manufacturing plants. Likewise the kanban system was absent from all of them. Some of them were using material requirements planning systems for production planning, but none was using a pull system. In Table III , we summarise the results of the rest of the variables. It is noteworthy that there were many firms that had not introduced set-up time reduction, multi-function employees, or graphs or panels for visual factory. On the other hand industrial housekeeping, standardisation of operations, TPM and quality controls were fairly widespread, especially the last two, which were to be found in all the firms in the sample. In addition, there were hardly any differences between the firms with regard to quality control, so that we can consider it to be a constant and treat it accordingly.
To check our H1 we use Friedman's non-parametric test to compare the related samples. The result shows that there are significant differences in the level of use of the An empirical study of lean production different LP programmes, and it enables us to order them from lesser to greater use (Table IV) . In order to find out which variables are differentiated from the rest, we supplement the previous analysis with Wilcoxon tests to compare two related samples. Since, the variables are already ordered from lesser to greater levels of use, it is not necessary to compare all the possible pairings between the nine variables. For example, the differences between set-up time reduction and the use of SPC are significant, and consequently comparison with all the practices that are used more than SPC will be significant too. We have made a total of ten comparisons and corrected for the likelihood of type I error by the Bonferroni procedure. The results indicate that there are no significant differences between the use of set-up time reduction, multi-function employees and graphs or panels for visual factory, nor are there differences between the degree of use of SPC, group suggestion programmes, industrial housekeeping and standardisation of operations. However, these four practices are more widely installed than the three that are less used. Lastly, the degree of use of TPM and quality control were significantly different from all the techniques previously mentioned and even showed a difference between themselves. Hence, it may be concluded that H1 has been partially corroborated. Quality controls are implemented more than the other practices, while group technology, kanban and set-up time reduction are hardly used at all in the sector. Nevertheless, multi-function employee programmes are not as widespread as we had supposed, and TPM is more common than suggested by previous research.
LP practices and plant size
To group firms by size we have used as our variable the number of employees (mean ¼ 152). We adopt the classification that is usual in this type of research and according to which most of the firms studied may be considered small, i.e. with , 250 workers. To adapt this criterion to the realities of the Spanish business fabric, and more specifically to the ceramic paving and coverings sector, we have set-up three additional subdivisions. We do this applying criteria employed in other studies (ASCER, 2003; Aster, 1997; Lee and Palmer, 1999; Tomás Carpi et al., 1996) . Thus, we have classified the 15 companies with , 50 workers as the smallest in the sample, and the 12 with . 250 employees as the biggest. Between these two extremes there were 37 with 51-150 employees and 12 with 151-250. This sample distribution corresponds broadly with that existing in the population, according to ASCER (2003) data. Generally speaking, the firms that make porcelain stoneware are the largest and most technologically advanced. It follows that their plants are usually the most recently built and most modern.
H2 has been partly supported. In Table V , we display the results from the Kruskall-Wallis test supplemented by the U-Mann-Whitney test to determine the groups between which significant differences appear. The main differences between large and small businesses showed up in the use of visual factory. The use of both industrial housekeeping and of graphs and panels to share line information with An empirical study of lean production workers increases in keeping with the size of the firms. In the case of industrial housekeeping, the differences are significant when the firms with less than 150 employees are compared to the largest (. 250 employees). Likewise the use of panels is significantly less in firms with , 50 workers than in the rest (Table II) . As for the other variables, the differences are not so clear, although it can be observed that the degree of use is less in firms with , 50 workers than in the rest. The only exception is the multi-function employee variable, which hardly varies whatever the size of the firm. The results also suggest that there are no significant differences in the degree of use of any of the LP practices between firms with more than 150 workers.
Operational performance and LP practices Our last hypothesis (H3) is intended to check whether there is a correlation between the degree of use of LP practices and the results that firms achieve. We will first describe the operational performance variables and then analyse the control variables. The companies surveyed achieved very high values of prime quality goods (averaging nearly 90 per cent) with very little variation between individual firms (Table VI) . The average time between receiving an order for a product and finalising its manufacture is nearly three weeks. Firms' stocks of inventory (raw materials, work in process and finished goods) are, on average, equivalent to more than two months of manufacturing. Average monthly productivity is 4,155 m 2 . These last three variables show very considerable differences between companies. The only variable for which all the firms had data was internal quality. For the rest, many figures were not available because firms did not record such data in their information systems. We would especially point to the fact that 10 per cent of them did not know how much of a product they had in stock. The four variables examined are sufficiently independent of one another. The only significant correlations -and very low at that -are between stock and productivity (Spearman-r ¼ 2 0.339), and between stock and quality (Spearman-r ¼ 0.200). Finally, of the 73 firms that had data on productivity and quality, 18 are high performance in both respects (best-in-class).
We have also looked at how far the selected control variables affect performance indicators. The two control variables applied are plant size (as described earlier) and capacity utilisation (mean 94 per cent; standard deviation 15.7 per cent). Since, the the square metres potentially produced in function of the theoretical speed of the furnaces.
It turns out that there are no significant variations in lead time with respect to size of firm (Table VII) . However, size does affect the other variables. We have completed the analysis by a U-Mann-Whitney test to compare, pair by pair, the different groupings of firms classed by size. Firms with . 250 workers tended perhaps to have a top-quality index higher than did the rest, although the differences were not very big. What we can affirm with more certainty is that firms with , 50 workers, and probably too those with 50-150 employees, show a lower inventory size than the other firms. Lastly, productivity is noticeably lower in firms with . 150 workers. Moreover, the greater the production capacity utilised, the better a firm's results in terms of quality and productivity. On the other hand, inventory and lead time levels rise as the plant utilisation rate increases (Table VIII) .
In response to our third hypothesis (H3), we have drawn up several 2 £ 2 tables and analysed them using the Mantel-Haenszel common odds ratio to examine the relationship between binary variables with size incorporated as the control variable. It would have been better if we had also integrated production capacity utilisation as a control variable, but only 33 firms provided it. An odds ratio of , 1 denotes a negative Notes: Sig., significance level on Kruskall-Wallis test: **a , 1 per cent; *a , 5 per cent; +a , 10 per cent; ns: not significant; U-Mann-Whitney test; a significant difference (a , 10 per cent after Bonferroni correction) when compared with firms with less than 250 workers; b significant difference (a , 5 per cent after Bonferroni correction) when compared with firms with more than 150 workers; c significant difference (a , 10 per cent after Bonferroni correction) when compared with firms with more than 150 workers An empirical study of lean production correlation between the variables, and conversely a positive one when the ratio is . 1 (White et al., 1999) . We cannot analyse the visual factory-housekeeping and quality control variables because almost all the firms fall into a single category (low adopters for the former and high adopters for the latter). Although we allowed for three levels in the degree of implementation variable for each LP practice (no adopter, low adopter and high adopter), we decided to combine the low and high adopters in a single category (adopters) so as to ensure that boxes would have an expected frequency of . 5. For the TPM variable there were 0 no-adopters, so we compare low adopters with high adopters.
The results of our analysis are summarised in Table IX . In most cases the degree of use of LP practices was not found to have any statistically significant influence on operational performance. However, the degree of use of SPC and of TPM correlate positively with best-in-class. The relationship is also positive between TPM and productivity. On the other hand, set-up time reduction correlates negatively with lead time. Likewise set-up time reduction and standardisation of operations correlate negatively with the inventory variable.
Discussion
Before discussing our findings, we would emphasise that our concern was to study the firms in the ceramic tile industry in Spain. For this reason, our conclusions cannot be extrapolated to other industries nor, probably, to other countries. Nevertheless, our sample has enabled us to pick out certain control variables, and hence we can attempt to explain the relationship between the size of a firm and the degree to which it implements an LP practice, and likewise the effect that the implementation exercises on operational results.
As our first finding, we verified that most LP-derived practices are still not widespread in this industry. It might be argued that the nature of the production process constitutes an insurmountable obstacle to implementing them. However, Billesbach (1994) studied the production of textile fibres in a continuous spinning operation that is strikingly similar to the generic process of tile manufacture, and he commented on the successful introduction of pull systems, visual management, TPM and multi-function employees. Therefore, there must be other control variables to explain the situation in the firms in our sample (Shah and Ward, 2003) .
With demand so unstable, it would be complicated for firms to implement uniform workload, and therefore it is unlikely that kanban systems would appear (Williams et al., 1992 (Williams et al., , 1995 . Implementations of cellular manufacturing and kanban tend to be closely associated, whereas the other JIT/TPM practices are only very loosely associated with them (Sakakibara et al., 1997) . It must also be borne in mind that introducing cellular manufacturing as a first step towards group technology demands large investments in equipment and facilities (White and Prybutok, 2001) . We have already indicated in our data that cellular manufacturing and pull systems are completely absent from the firms interviewed. As set-up time reduction programmes are closely related to these last two strategies (Dankbaar, 1997; Wafa and Yasin, 1995) , it is not surprising that set-up time reduction is the next least used LP technique in the sector. Lastly, it has to be remembered that the sector is composed mainly of SMEs. It therefore follows that it has only limited resources to devote to introducing LP (Inman and Mehra, 1990) , and it will not embark on them unless it is convinced of the benefits that will accrue (Fullerton and McWatters, 2001) and is sure about which aspects of LP are suited to the specific circumstances of each firm (Finch and Cox, 1986) . The above findings are therefore to some extent predictable given the peculiarities of the sector. Even so, we have to admit that we were surprised to find so little use of multi-function employees, although we agree with White and Prybutok (2001, p. 122) that "implementation of multi-function employees in repetitive production systems is not an easy task". Multi-function employees is a practice that is basic for developing several other LP practices (TPM, set-up time reduction, uniform workload and cellular manufacturing). However, the only one of these practices that the firms in the sample are installing is TPM. On the face of it, it is surprising that there should be a high degree of use of TPM if there are no multi-function employees. What is happening is that the sector has developed a great deal of preventive maintenance (performed by specialised workers) and a few other aspects of TPM, but there is hardly any autonomous maintenance, which is where multi-function employees would be needed.
Among the more widespread LP practices are quality control at each process stage, standardisation of operations, SPC and TPM. With regard to quality control, improvements are developed by operations engineers or quality control staff. They have designed several devices in order to guarantee product quality, such as gauges or optical systems to discover flaws in finished products. Quality controls, standardisation of operations and SPC are basic tools in a group of businesses that have made a big commitment to competition based on quality products, whereas TPM is crucial in an automated process in which it is essential to ensure that the ovens function without interruption, because the energy costs would be enormous if it were necessary to close them down for repair. Industrial housekeeping is also used fairly extensively; it is one of the simplest and least investment-intensive tools (Lee, 1997) . In addition, there is the consideration that plant cleanliness is quite an important factor in avoiding the contamination of products by impurities. As for group suggestion programmes, we believe they are installed more as a fashion rather than as a strategy to make the most of workers' experience in order to improve production processes. We tend to think this way because we have been able to observe that real worker participation in these programmes is very slight.
Besides the extent to which the various practices are deployed, we were interested in verifying the assertion of other researchers that LP implementation is greater in large companies than in small ones. We have found that the cluster of firms with 150-250 workers is no different in this respect from the cluster with . 250. However, we have determined that, for five of the variables examined, there are significant differences between the smallest and the largest firms in the sample. The two visual factory variables and likewise TPM, set-up time reduction and quality controls are used more in firms with . 150 employees than in the rest. It may be that standardisation of operations behaves the same way, but the relationship is not so clear cut and the differences are not statistically significant. Although we have also failed to find any significant difference between the degree of use of statistical quality controls or of group suggestion programmes, the data seem to indicate that there may be a tendency for them to be less implemented in very small firms (, 50 employees) than in the others. On the other hand, use of multi-function employees does not seem to depend on IJOPM 26,5 the size of the firm. These findings are consistent with those of other researchers (Fullerton and McWatters, 2001; Shah and Ward, 2003; White et al., 1999) . We can therefore surmise that within the small-business cluster in our sample the same relationships hold for comparison of small businesses (, 250 workers) with large ones (. 500 workers). Furthermore, the findings enable us to qualify Lee's (1997) pronouncement that plant size is no obstacle to LP implementation. Doubtless Lee is right when the category of "small businesses" includes some with over 150 workers, but firms with less than 50 workers probably suffer from certain restrictions that impede implementing LP practices, even single practices in isolation.
There may be several reasons explaining these differences between small and large firms. On the one hand, it is possible that large firms have more need of LP practices, due to the fact that their production processes are more complex, as well as the fact that they cannot base their coordination on informal communications. On the other hand, it is very likely that there are differences with regard to their resources available to deal with necessary changes. These resources can be financial, or could even be the time devoted to deployment of LP by managers and workers (Inman and Mehra, 1990; Shah and Ward, 2003) . Finally, it is also possible that in small companies there is more frequently a lack of top management commitment or lack of knowledge about LP benefits or implementation procedures (Lee, 1997) .
We have encountered hardly any relationships between the degree of use of LP practices and operational results. The only positive associations are between use of statistical quality controls and the combined variable "simultaneously best performer in both quality and productivity". This is probably due to the fact that we analyse the effect of practices individually and not as a whole system. If so, our findings are consistent with the proposition that the benefits of introducing LP tools will only be fully realised if it is done in an integrated way (Cua et al., 2001; White and Prybutok, 2001) . Our findings also agree partially with those of Sakakibara et al. (1997) , who believe that none of the JIT bundle practices in isolation, except set-up time reduction, is capable of explaining improvements in operational results. In our case, set-up time reduction has significant influence but not in the way that one would expect; we comment on this below.
Another factor is that several of the LP practices are used very little, which makes it unlikely that any effects would appear. It might be the case with multi-function employees; the positive effect suggested by several authors (Cua et al., 2001; White and Prybutok, 2001 ) is not reflected in our data. Yet another aspect is that some of the variables remained very constant, that is to say that the firms in the sample hardly varied in their use of them. This applies to group technology, kanban, housekeeping and quality control, and consequently we have not been able to analyse their connection with performance.
Some of our findings are counterintuitive. Contrary to what some researchers say (Cua et al., 2001; Suzaki, 1989) , the firms that make most use of set-up time reduction are the ones that hold the most inventory and have the longest lead times. The former association may make sense, because the complete absence of pull systems suggests that firms take advantage of faster format changes to build up their stocks. The latter association may mean that only firms which have to cope with long lead times (probably because they lack sufficient production capacity) are interested in experimenting with these techniques. It is also true that set-up time reduction An empirical study of lean production systems are employed very little, and even in firms that do use them there is probably an initial phase during which their benefits have yet to be realised. Another explanation, one that is consistent with White and Prybutok (2001) , is that set-up time reduction is used in those processes where it is easiest to introduce them (presses or glazing) instead of in the firing process, which is the real bottleneck. Last of all, the correspondence between standardisation of operations and larger inventory may also seem counterintuitive. However, the main objectives of this tool are to improve product quality in situations where there are manual operations -which is not the case in this sector -and improve operatives' productivity. That being so, if manufacture is done for inventory, any increase in productivity entails an increase in stock levels for as long as there is insufficient demand to absorb it. Our data seems to support this explanation, since there seems to be a correspondence between standardisation of operations and improved productivity (odds ratio: 1.9), although it is not statistically significant.
Limitations
Contrary to the research done by other researchers (Cua et al., 2001; Lee, 1996; Lowe et al., 1997; Shah and Ward, 2003; White et al., 1999) , in our study all the firms are involved in the same activity. This makes it easier to form comparisons between plants. On the other hand, as it is a very homogeneous sector where operational practices are quickly transmitted from one competitor to another, certain variables vary very little between the firms in the sample, and this limits our ability to explain differences in operational results.
We have used quantitative values instead of measuring the production efficiency indicators with Likert type scales that might introduce an important subjective bias. For this reason, we believe that our work provides added value to previous studies that were based on mere subjective assessments from the people surveyed. Even so, we cannot be sure that our research is entirely free of the biases due to self-reported performance data and single respondents (Shah and Ward, 2003) .
In addition, we have encountered problems in incorporating the capacity utilisation variable into our study. A great many values were not available because firms lacked the data we needed. We are concerned that this situation has prevented us from singling out some important effects and that it may be concealing a greater impact of LP practices on operational results than we have been able to demonstrate.
Conclusions
Most of the firms in the Spanish tile industry are small. Even so, there are differences in their behaviour. On the one hand, those with , 50 workers use LP tools very little. On the other hand, the behaviour of firms with . 150 workers is very similar to that of the medium-size and large firms in the population under study. In any event, LP deployment in the tile industry is generally low. Quality control and TPM have a high degree of implementation, but other practices (group technology, kanban, set-up time reduction, multi-function employees and graphs or panels for visual factory) are uncommon. We are of the opinion that variations in operational performance are hard to explain in this sector when an LP practice is only introduced in isolation.
The use of LP practices as described in the present study may reflect an operations management strategy that is well adapted to the particular limitations of the IJOPM 26,5 production system. So it may be that some traditional manufacturing imperatives are still important determinants of high performance. The economies of scale associated with high manufacturing volumes lead to high levels of efficiency in many industries. It appears to hold true in the ceramic tile industry too. As Rowley (1996) observed in his study, a good number of practices that are characteristic of mass production rather than of LP are still used in ceramic tile manufacturing. Rowley was referring to the British and Italian industries; to those the Spanish industry can now be added.
